(19) 



J) 



Europaisches Patentamt 
European Patent Office 
Office europ^en des brevets 



iiiiiiniiiiiii 



(11) 



EP 1 202 472 A2 



(12) 



EUROPEAN PATENT APPLICATION 



(43) 


Date of publication: 


\!>i} ini Ul.'. nVrO 




02.05.2002 Bulletin 2002/18 


i2^) 


ADolication number 01309074 1 




(22) 


Date of flllna* 25 10 2001 






Designated Contracting States: 


• Brown hill, David A. 




AT BE CH CY DE DK ES Fl PR GB OR IE IT LI LU 


Westford, MA 01886 (US) 




MC NLPTSETR 


• Davis, Robert A. 




Designated Extension States: 


Wayland, MA 01778 (US) 




AL LT LV MK RO SI 


• Allen, Timothy J. 






Mount Vernon, NH 03057 (US) 


(30) 


Priority: 25.10.2000 US 696930 






(74) Representative: Johnstone, Douglas Ian et al 


(71) 


Applicant: Tyco Electronics Corporation 


Baron & Warren, 




MIddletown, Pennsylvania 17057 (US) 


18 South End 






Kensington, London W8 5BU (GB) 


(72) 


inventors: 




• 


Hengeveld, Thomas A. 






Hollls, NH 03049 (US) • 





(54) Wireless vehicular repeater system 



(57) A wireiess connmunlcation system has a piurai- 
Ity of base stations (1), a piurality of mobile vehicular 
repeater units (2, 6), and a plurality of portable units (3. 
9). In a typical context, each mobile vehicular repeater 
unit (2, 8) Is associated with at least one portable unit 
(3, 9). and both may be associated with a single user. 
The object is for the U5er(s) of the portable units (3, 9) 
to be able to access the wireiess system from any geo- 
graphic location, in cases where a geographic area is 
shadowed from a base station (1 ) and communication 
directly between the portable unit (3, 9) and the base 



station (1) is not possible, it is beneficial to use the mo> 
bile vehicular repeater unit (2. 8) in accordance with an 
extended coverage mode of operation, to relay commu- 
nications between the portable unit (3. 9) and the base 
station (1 ). A mobile vehicular repeater unit (2, 8) enters 
the extended coverage mode of operation in response 
to receipt of an access request, transmitted by one of 
the plurality of portable units (3, 9). Responsive to that 
request, a mobile vehicular repeater unit (2,8) transmits 
to the portable unit (3, 9) a signal representative of an 
identification of upper arid lower frequency channel por* 
tions (4b, 5b). 
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Description 

[0001] The present Invention relates to wireless confi> 
munication systems and, more particularly, to a method 
and apparatus for improving the performance of such 
systems and the portable units cooperating therewith. 
[0002] Wireless communication systems convention- 
ally comprise one or more base stations, a plurality of 
mobile units, and a plurality of portable units. The tenn 
"mobile unit" should be understood as referring to a 
communication device located within a vehicle and pow- 
ered by a battery located In the vehicle, while a "portable 
unit" is intended to refer to a communication device car- 
ried by a person and powered by a smaller portable bat- 
tery (typically unitary with the communicatton device). A 
typical mobile unit Is operative to transmit RF commu- 
nication signals at a power level on the order of about 
20 Watts, while a typical portable unit is operative to 
transmit such signals at a power level of about 3 Watts. 
[0003] Wireless communication systems operate with 
each base station being fixed at a single geographic lo- 
cation and configured to transmit high powered RF en- 
ergy from an antenna mounted at a significant height 
above ground level. Similarly, each base station re- 
ceives RF energy at an antenna mounted at a similar 
significant height above ground level. A base station 
communicates with one or more portable units that are 
geographically positioned within some radius defined by 
minimum power level necessary to successfully receive 
an RF signal transmitted to and from the base station. 
Communication between a base station and a central 
office Is established over a land based cable network or, 
altematively, by a microwave point to point llnl< using a 
frequency range different from that used for communi- 
cation between a base station and the mobile units. To 
allow a plurality of base stattons to inter-operate as a 
single wireless system, the central office perfomis var- 
ious switching and routing functions. 
[0004] Portable units are typically hand held by the 
wireless system user and operate to communicate with 
one of the base stations to provide connectivity to the 
larger wireless system. Ideally, a user with one of the 
portable units is able to maintain communication any- 
where within a defined geographic region. While an in- 
dicator of the quality of a wireless communication sys- 
tem is the percentage of coverage available within a giv- 
en geographic area, It is a practical reality that natural 
and artificial topographies create communication "shad-, 
ows" where communication between a portable unit and 
a base station witi degrade or cease altogether. A mobile 
unit, however, may still be within the coverage area sup- 
ported by the base station as a result of its higher pow- 
ered RF transmission capacity. The size and number of 
the shadows reduce the percentage of portable cover- 
age within a given geographic area. 
[0005] One possible solution to the shadow problem 
is to erect one or more additional base stations that are 
operable to transmit and receive within a respective 



shadowed area. As with any increase in infrastructure, 
however, an election to include additional base stations 
would significantly increase the overall system cost 
Moreover, the shadowed areas may be used only on an 

9 Infrequent basis such that the cost and maintenance of 
additional base stations would not be warranted. An al- 
ternate solution to the shadow problem requiring a sub- 
stantially lower capital Investment Is to add a component 
to the overall wireless system called a mobile vehicular 

10 repeater unit The mobile vehicular repeater unit oper- 
ates as a movable base station that is, for example, per- 
manently mounted In a vehicle driven by one or more 
portable unit users. The nriobile vehicular repeater unit 
acts as an Intemnediary between the portable unit and 

^9 the base station to relay information received from the 
portable unit to the base station and vice versa. The nw- 
bile vehicular repeater unit, In practical effect therefore, 
becomes a "roaming base station" by receiving commu- 
nications from the base station and further transmitting 

20 those communications to one or more portable units. • 
[0006] Each radio channel employed in a wireless 
transmissions system having mobile repeater units and 
portable units typically consists of two frequencies 
which are separated by a fixed frequency offset In such 

29. instances the Federal Communications Commission 
("FCC") has defined the forward channel portion, i.e. 
base station transmission to the portable unit/mobile 
unit, as operating at the higher frequency of the pair. 
The FCC has further defined the reverse channel por- 

so tlon, i.e. base station reception from the portable unit/ 
mobile unit, as operating at the tower frequency of the 
pair. A disadvantage arises, however, (n that the chan- 
nels assigned to a given mobile vehicular repeater unit 
and associated portable units may change from region 

35 to region. While the vehicular repeater may, for exam- 
ple, incorporate a global positioning system (GPS) and/ 
or communicate with a centralized or regional facility to 
leam which channels to use. portable subscriber units 
are not likely to be equipped with GPS and may also be 

40 unable to communicate with the ROC to leam which 
channels to use. Accordingly, there exists a need to re- 
liably provide the portable units with frequency channel 
Information. 

[0007] The aforementioned need is addressed, and 
45 an advance Is made in the art, by a communication sys- 
tem comprising a base station, a mobile vehicular re- 
peater unit, and one or more.portable units In which the 
mobile vehicular repeater unit is operable to relay fre- 
quency channel assignment infonmation to the portable 
50 units in response to a wake-up request transmitted t)y 
a first of the one or more portable units. 
[0008] Where the portable unit has coverage between 
at least one of the base stations and the vehicular re- 
peater over an assigned frequency, the base station 
ss transmits to the mobile vehicular repeater unit over a 
first or fonvard frequency channel portion, while the mo- 
bile vehicular repeater unit transmits to the base station 
over a second or reverse frequency channel portion. 
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During such operation, an assigned frequency channel 
portion is used (or transmission froni either of the mobiie 
vehicular repeater unit and the portable unit to the other 
[O009] In the event a portable unit enters an area in 
which the currently assigned transmit and receive Ire- 5 
quency no longer provides coverage to the base station, 
that portable unit is operable to transmit a channel ac- 
cess request to any nearby mobile vehicular repeater 
unit • a responding repeater unit being operative to ob- 
tain a new operating frequency from, for example, a cen- io 
tralized facility, and to transmit a signal representative 
of the newly assigned frequency channel to the portable 
unit. The portable unit is operative to aclcnowiedge re- 
ceipt of the updated information via the newly assigned 
frequency channel, whereupon both the mobile vehicu- f5 
lar repeater unit and the portable unit begin transmitting 
using the newly assigned frequency channel. 
[0010] A method for communicating In accordance 
with the present invention comprises the steps of a port- 
able unit following a frequency use plan of transmitting ^ 
to and receiving signals from a mobile vehicular repeat- 
er unit or a base station on a respective assigned fre- 
quency channel portion. The process further comprises 
attempting to establish communication between the 
portable unit and a base station during or after a change 25 
in geographic location. If the attempt to establish com- 
munication between the portable unit and a base station 
fails, the portable unit synchronizes to a known beacon 
frequency over which each mobile vehicular repeater 
unit periodically announces its availability. Over a re- 30 
verse channel portion of the beacon frequency, the port- 
able unit transmits a request for the vehicular repeater 
to identify an appropriate frequency pair over which they 
may exchange RF' transmission signals and thereby 
provide the portable unit with connectivity to the base 35 
station. In accordance with another aspect of the inven- 
tive process, the mobile vehicular repeater unit re- 
sponds by obtaining and providing the frequency pair 
identification to the first requesting portable unit and, 
thereafter, it periodically transmits blocl^s of bits repre- 40 
sentative of the frequency channel identification for use 
by any subsequent portable units synchronizing to the 
beacon frequency 

that may be used by the mobile vehicular repeater unit 
and portable unit and so as to restore or provide con- 45 
nectlvity to the base station via the mobile vehicular re- 
peater or Indirect In accordance with an extended cov- 
erage mode of operation. 

[001 1] The invention will now be described by way of 
example o nly with reference to the accompanying draw- so 
ings in which: 

FIG. 1 depicts a prior art system in which mobile 
vehicular repeater units and portable units commu- 
nicate with one another and a base station In ac- 55 
cordance with a conventionally prescribed frequen- 
cy plan; 

FIG. 2 Is a graphical representation of a spectral 



measurement of the frequency channel of Interest 
positioned at the mobile vehicular repeater unit for 
the conventional system of FIG. 1 , in this case VRU/ 
VTR communication is via simplex operation with 
one frequency; 

FIG. 3 is a diagram of system constructed In accord- 
ance with an Illustrative embodiment of the present 
invention, (n which mobile vehicular repeater units 
and portable units are deployed according to a nov- 
el frequency plan; 

FIG 4 is a graphical representation of a spectral 
measurement of the frequency channel of interest 
positioned at the mobile vehicular repeater unit for 
the illustrative system of FIG 3; 
FIG. 5 is a functional block diagram schematic de- 
picting a mobile vehicular repeater unit constructed 
In accordance with an illustrative embodiment of the 
present Invention; 

FIG. 6 is a functional block diagram depicting oper- 
ability of a mobile vehbular repeater unit in one of 
two distinct modes of operation - a mobile radio 
mode and an extended coverage mode; 
FIG. 7 shows the fonward and reverse channels di- 
vided into an Illustrative two alternating time slots, 
each of 30 ms duration, to accommodate exchange 
-of vok:e and data transmissions between the base 
station, mobile vehtoular repeater units and porta- 
ble units of a communication system constructed in 
accordance with the present invention; 
FIG. 8 is a graphical representation exemplifying 
data block transmission on the forward and reverse 
channels; 

FIG. 9 depicts a packet based protocol for imple- 
menting a mobile vehicular repeater unit wakeup 
sequence during which, according to the present In- 
vention, a first portable unit transmits a request to 
a vehicular repeater unit configured to be operable 
in the extended coverage mode, and subsequently 
receives instruction from the now "awakened" ve- 
hk:utar repeater unit as to which set of frequency 
channels to use in a given region; and 
FIG. 10 depicts a packet based protocol for provid- 
ing operating frequency Infomnatlon to subsequent 
portable units after the vehicular repeater unit has 
already entered the extended coverage mode. 

[0012] With specific reference to FIG. 1, there is 
shown an Illustrative diagram of a mobile vehicular re- 
peater unit 2 used as a vehicular repeater according to 
convention in which the mobile vehicular repeater unit 
2 receives a signal over a forward channel portion 4a 
from a base station 1 . The mobiie vehicular repeater unit 
2 further transmits a relayed signal over a repeated for- 
ward channel portton 4b to a portable unit 3. Return com- 
munication from the portable unit 3 to the mobile vehic- 
ular repeater unit occurs over a return channel portion . 
4c. The retum channel portion 4c is transmitted at the 
same frequency as the fonward channel portion 4b at a 
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time different from the forward channel portion 4b trans- 
mission from mobile vehicular repeater unit Z to the port- 
able unit 3. The mobile 2 and the portable 3 conrvnunl- 
cate in simplex mode. The mobile vehicular repeater 
unit 2 receives the signal and transmits a relayed signal 9 
over a repeated reverse channel 5a for reception by the 
base station 1 . By convention, the channel portions 4a, 
4b and 4c operate at one frequency band and the re- 
verse channel portion 5a operates within a different fre- 
quency band. The channel portion 4a is spaced apart 
from the reverse channel portion 5a a fixed amount 
along the spectral frequency range, I.e. 45MHz In the 
present system. 

[0013] A disadvantage of the conventional approach 
depicted in FIG. 1 is that a VRU communication antenna f 5 
6 receiving the initial foro^ard channel portion 4a signal 
is co-located with a portable communication antenna 7 
trarismltting the repeated forward channel 4b signal. At 
the location of the mobile vehicular repeater unif s base 
communication antenna 6, the received power of the re- 20 
peated forward channel signal 4b (shown as reference 
numeral 1 0) significantly exceeds that of received power 
of the initial forward channel 4a signal received from the 
base station 1 . The base communication receiver 6 on 
the mobile vehicular repeater unit 2 Is desirably high 25 
gain with a wide dynamic range so that It is able to re- 
ceive both low and high powered signals from the base 
station 1 . When it is advantageous and appropriate to 
use the mobile unit 2 as a vehicular repeater, it is also 
the case that the portable unit 3 has Insufficient sensi- 30 
tivity to properly resolve a signal from the base station 
1. Therefore, the reception power of the initial fon^vard 
channel 4a signal Is quite low. The transmission antenna 
7, however, transmits a relatively high powered signal 
(approximately 3 Watts] for proper reception by the port- 35 
able unit 3. The base communication receiver 6 has dif- 
ficulty properly resolving the low powered forward chan- 
nel portion 4a from the interference 1 0 as a result of the 
relatively higher powered repeated fonward channel por- 
tion 4b. 40 
(001 4J With specific reference to Figure 2 of the draw- 
ings, the base communication receiver 6 is unable to 
resolve two in-band signals (for example 4a and 4b) with 
significantly different power levels (for example -90dBm 
and -i-SdBm). It is also noted that the base communica- ^ 
tlon receiver 6 is able to properly resolve two In-band 
signals with power levels In a similar order of magnitude 
(for example -90dBm). Figure 2 of the drawings illus- 
trates the difficulty with resolving a small in band signal 
in the presence of a higher power in band signal. As one so 
of ordinary skill in the art can appreciate, the repeated 
forward channel portion 4b appears as high powered in- 
band interference to the base communication receiver 
'6 which interferes with proper reception of the initial for- 
ward channel portion 4a signal. 95 
[0015] According to one aspect of the present inven- 
tion, a wireless communication system is proposed 
wherein the frequency plan of the mobile vehicular re- 



peater unit 2, when used as a vehicular repeater, does 
not follow convention. Specifically, tt Is proposed that 
when the mobile vehicular repeater unit 2 is used as a 
vehicular repeater, it transmits to the portable unit 3 us- 
ing the lower frequency band 5 and receives from the 
portable unit 3 using the upper frequency band 4. As an 
example, a base station 1 transmits a signal over ah In- 
itial forward channel portion 4a In the upper frequency 
band 4 having a center frequency of, for example, 
855MHz. The base station 1 receives a signal over a 
reverse channel portion 5a in the lower frequency band 
5 having a center frequency of, for example, 8IOMH2. 
With specific reference to Figures 3 & 4 of the drawings, 
there is shown an illustrative diagram showing the mo- 
bile vehicular repeater unit 2 used as a vehicular repeat- 
er and illustrating the change in frequency convention. 
The mobile vehicular repeater unit 2 Is interposed be- 
tween the base station 1 and the portable unit 3 to relay 
incoming signals between the two units. 
[0016] Advantageously, according to the present In- 
vention, both the reception and transmission receivers 
6,7 receive in band signals having relatively similar low 
power levels. The base communication antenna 6 or 7, 
therefore, Is able to properly resolve both signals. The 
two in-band signals 4a and 4b can be resolved through 
inexpensive filtering plans. This change in frequency 
convention improves the stated problem because the 
high transmission power of the repeated forward chan- 
nel signal 5b is separated in frequency from the low re- 
ceive power initial fonvard channel portion signal 4a. As 
one of ordinary skill in the art will appreciate, the change 
In frequency plan convention also permits duplex conrh 
munlcation between the mobile 2 and the portable 3. 
With specific reference to Figure 4 of the drawings, there 
is shown a graph of received power at the mobile unit 2 
as a function of frequency illustrating the relative ease 
of resolving the two signals even though the relative 
power levels are different Additionally, when a mobile 
vehicular repeater unit 2 is not interposed between the 
portable unit 3 and the base station 1 , the frequency plan 
operates according to convention. 
[0017] Turning to FIG. 5, it will be seen that a mobile 
vehicular repeater unit 2 constructed In accordance with 
an Illustrative embodiment of the present invention es- 
sentially comprises two mobile radio units 20, 22 con- 
nected via a digital serial interface indicated generally 
at 24. Mobile radio unit 20 is designated as the vehicular 
repeater mobile (VRM) which is configured for a mobile 
radio frequency plan and is operative to establish a com- 
munication path with a base station, as base station 1 
of FIG. 3, over a network RF channel. The VRM 20 is 
functionally equivalent to a mobile radio and performs 
all the functions of a first or mobile radio mode of oper- 
ation. Mobile radio unit 22 Is designated as the vehicular 
repeater base (VRB) and is configured for a base station 
frequency plan and communicates with one or more 
portable units, as portable units 3 and/or 9 of FIG. 3. 
over a local RF channel. The VRM 20 and VRB 22 com- 
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municate over a communication port. 
[001 8] In addition to the aforementioned first or mobile 
radio mode, mobile vefilcular repeater unit 2 is operable 
in a second or extended coverage mode . In accordance 
with an illustrative embodiment of the present Invention, 
and as best seen In FIG. 6, the mobile radio mode of 
operation is the default while the operator has the option 
of manually selecting the extended coverage mode. It 
should be noted that although this capability to transition 
to extended coverage mode Is manually enabled, the 
mobile vehicular unit remains In mobile radio mode until 
awakened by a portable unit. The transition to extended 
coverage mode is then automatic when the portable unit 
Valces up' the mobile vehicular unit. 
[001 9] As the name implies, in the extended coverage 
mode a mobile vehicular repeater unit, as unit 2, pro- 
vides portable units, as units 3 and 9, with access to an 
associated communication network. By way of illustra- 
tive example, and with particular reference to FIG. 3, a 
police officer who is expected to check out a building 
might rely upon portable unit 3 for communication with 
a centralized dispatcher (not shown). Prior to exiting the 
police car, portable unit 3 would most likely have an un- 
obstructed communication path with the base station 
and, thus, be able to communicate with the dispatcher 
over a network RF channel. Upon entering the building, 
however, obstructions might cause portable unit 3 to 
lose connectivity with the base station. In accordance 
with a novel aspect of the present Invention, which will 
be described in greater detail shortly, a mobile vehicular 
repeater unit, as unit 2 of FIG. 3, is configured when in 
the extended coverage mode to "wake-up" and estab- 
lish connectivity with a requesting portable unit over an 
appropriate set of frequency channels In Just such a sit- 
uation. 

[0020] From the foregoing, it will now be appreciated 
that there are two different possible scenarios in the ex- 
tended coverage mode that dtetate the appropriate be- 
havior of the portable and mobile vehicular repeater 
units 2, 3. For purposes of nomenclature, reference is 
made to a primary portable unit 3 and primary mobile 
vehicular repeater unit 2. For practical purposes, the pri- 
mary portable unit 3 and primary mobile vehicular re- 
peater unit 2 belong to the same user where the primary 
mobile vehteular repeater unit 2 is Installed In the user's 
vehicle and the primary portable unit 3 is canled by the 
same user. An alternative mobile vehicular repeater unit 
8 and alternative portable unit 9 are used to represent 
other mobile vehicular repeater units and portable units 
that are part of the same wireless communications sys- 
tem as the primary mobile and portable units 2,3. 
[0021] In a first scenario, the base station 1 will ade- 
quately illuminate the area in which the primary portable 
unit 3 is located. Accordingly, the primary portable unit 
3 establishes and maintains communication with the 
base station 1 and there is no need for the primary mo- 
bile vehicular repeater unit 2 to perform vehicular re- 
peater functions. In a second scenario, the primary port- 



able unit 3 is located in an area shadowed from the base 
station 1 , but already illuminated by the alternative mo- 
bile vehicular repeater unit 8. As such, the primary port- 
able unit 3 establishes and maintains communication 

s with the base station 1 as relayed to it by the alternative 
mobile vehtoular repeater unit 8. In a third scenario, the 
primary portable unit 3 Is In an area shadowed by the 
base station 1 and not illuminated by the alternative mo- 
bile vehicular repeater unit 8. Accordingly, the primary 

10 portable unit 3 directs the primary mobile vehicular re- 
peater unit 2 to initiate functions as a vehicular repeater, 
i.e. switch from the mobile radio mode of operation to 
the extended coverage mode of operation, and thereaf- 
ter establishes and maintains communication with the 

15 base station 1 through the primary mobile vehicular re- 
peater unit 2 acting as the vehicular repeater 
[0022] In accordance with an especially pref ered em- 
bodiment of the present Invention, a Reservation Slotted 
Time Division (Multiple Access fTDMA) protocol is em- 

20 ployed, for transmission of both voice and data, between 
the base 8tation(8), mobile vehicular repeater unit(s) 
and portable units comprising a given communtoation 
networic. Very short (10ms duration) channel access re- 
quest messages with slotted contention are used to re- 

2s quest access to the reverse channel. The subsequent 
reservation grant information is provided over the for- 
ward channel In a control block. The requesting portable 
unit then has reserved access to one of the times slots 
on the reverse channel, and can be confident that it will 

30 not collide with other mobiles. While the very short chan- 
nel access request messages consume a small portion 
of the reverse channel bandwidth (typically less than 
' one percent), the protocol attribute of eliminating colli- 
sions between longer messages provides a typical 

39 channel throughput of 85%, even under very heavy 
loading conditions where, for example, a Digital Sense 
Multiple Access (DSMA) protocol would be incapacitat- 
ed. Through this mechanism, it has been possible to 
provide an increase in channel capacity of more than 

^ four times the prior industry standard 4800 bps DSMA 
protocols. 

[0023] Since voice messages are essentially a circuit 
switched phenomenon, requiring guaranteed channel 
bandwidth, the channel contention sequence employed 

^ In accordance with a novel aspect of the present Inven- 
tion provides an efficient Integration of both packet 
switch and circuit switch messaging on the same radio 
channel. This is partlcutariy important tor long data mes- 
sages such as file transfers, which are more suited to 

so circuit switching than packet switching and benefit 
greatly from the reservation protocol and absence of ra- 
dio channel collisions. Addrtlonally. message retrans- 
missions are essentially eliminated. Improving radio 
channel capacity and greatly reducing the length of time 

S5 required to send a message, 

[0024] With reference now to FIG. 7, it will be seen 
that the forward and reverse channels are divided into 
two alternating time slots, T1 and T2, each of 30 ms du- 
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ration. If a reverse channel timeslot is not reserved it is 
considered to be divided into three channel access re- 
quest sub slots of 10 ms each, and is available to be 
used by mobile vehicular repeater units requesting ac- 
cess. A mobile vehicular repeater unit is permitted to 
place a channel access request on one of the three 
available subslots in a timeslot. identifying the request- 
ing mobile with a short mobile access ID. The base sta- 
tion may receive up to three valid channel access re- 
quests during a time slot, and acknowledges receipt of 
each through the use of a three bit field in the control 
block of the subsequent forward channel time slot. 
Channel access requests are queued by the base sta- 
tion, and time slot reservations granted by specifying the 
mobile access ID of the successful mobile in the control 
block of the forward channel time slot immediately pre- 
ceding the reserved reverse channel time slot. A specific 
mobile vehicular repeater unit can be granted only one 
of the two altemating time slots T1 and T2, i.e., a chan- 
nel bandwidth of 9600 bps represented by every second 
time slot on the reverse channel. Two mobile vehicular 
repeater units can then use the channel simultaneously 
for voice and data. 

[0025] In FIG. B there is shown a mobile vehicular re- 
peater unit transmitting a series of data blocks on the 
reverse channel. Each data block is encoded using a 
suitable forward error correction and detection algorithm 
and contains 45 six bit symbols of infonmation, and with 
framing is 30 ms in duration. When a mobile vehicular 
repeater unit has been granted a reserved time slot by 
the base station, it transmits the first data block of its 
message in the specified time slot It then switches to 
receive mode and receives the forward channel control 
block from the next time slot. Within the control block is 
a decode status indicator, specifying whether the re- 
verse channel data block was received and fully correct- 
ed without residual enrors by the base station. As seen 
In FIG. 8, In data block 1 the decode status is negative 
such that the mobile vehicular repeater unit is required 
to retransmit the data block during the next time slot. 
The subsequent decode status is positive, and the mo- 
bile vehicular repeater unit transmits the following data 
block, data block 2, during the subsequent time slot. 
[0026] Retransmissions are handled on a data block 
by data block basis, and only the bad data blocks are 
retransmitted. If, for example, at the edge of coverage 
the probability of transmitting an uncorrectable data 
block to the base station is 10%, then a data message 
100 data blocks long will require that the mobile vehic- 
ular repeater unit actually transmit 110 blocks and will 
take about 10% longer to transmit than the same mes- 
sage in a good coverage area. In contrast, with conven- 
tional data protocols, where the mobile transmits a data 
message and waits up to two seconds for an acknowl- 
edgement, then in the absence of an acknowledgement 
(indicating the message had encore) retransmits the en- 
tire message. Depending upon the quality of the radio 
channel, a message could be retransmitted up to five 



times, consuming large amounts of channel bandwidth, 
without any of the message transmissions being cor- 
rectable by the base station. 
[0027] Having now described an underlying exempla- 

5 ry transmission protocol which may be advantageously 
employed in a communication network constructed In 
accordance with the present Invention, an exemplary 
scheme for causing the vehicular repeater unit to tran- 
sitton from the aforementioned mobile radio mode to the 

10 extended coverage mode will now be described, with 
particular reference to FiG. 9. As indicated earlier, in ac- 
cordance with the extended coverage mode of the 
present invention a mobile vehicular repeater unit hav- 
ing no portable units already in active communication 

IS with it must be "awakened" before It will seek to provide 
such coverage to the requesting portable unit. To this 
end, the mobile vehicular repeater unit Is configured to 
announce, on a periodic basis, its availability on a fixed 
beacon frequency. By way of illustrative example, this 

20 beacon frequency may be provisioned on a region wide 
(state, county, etc.) basis and stored In memory in both 
the mobile vehicular repeater unit and all portable units. 
Thus, as seen in FIG. 9, the mobile vehicular repeater 
unit transmits on the fonward channel of this beacon f re- 

2f quency (I.e., RFC) a synchronization pattern in which 
fixed length synchronization blocks (30, 32, 34) are sep- 
arated by non transmit intervals of random duration In- 
dicated generally by blocks 31 , 3i3, and 35. 
[0028] With continued reference to FIG.-9. it vnll be 

30 seen that when a portable unit is activated and is unable 
to establish a link to a base station in accordance with 
its frequency plan, after a non-transmit Interval of ran- 
dom duration indicated generally at 36. a "wakeup" 
channel access request 38 Is transmitted on the porta- 

35 ble reverse channel (PRC) of the beacon frequency. De- 
laying transmlssk^n of an activated portable units wake- 
up channel access request by a random interval beyond 
the synchronization block Is deemed to be advanta- 
geous and preferable because it minimizes collisions 

40 among multiple portables transmitting the same re- 
quest. The mobile vehicular repeater unit, now awak- 
ened by the first channel access request it receives, re- 
sponds by transmitting on the portable forward channel 
(RFC) a "request pending" acknowledgment 39 to the 

^ portable unit and, If required, by transmitting a "frequen- 
cy requesr 40 to the base station on the reverse network 
channel (RC). Alternatively, the mobile vehicular repeat- 
er unit might be configured with a global positioning sys- 
tem (GPS) through which It would be adapted to ascer- 

so tain the appropriate frequency channel pair to employ 
without transmission of a request to the base station. 
[0029] In any event, once the mobile vehicular repeat- 
er unit either ascertains (via GPS) or receives the fre- 
quency channel infonmation from the base station via 

S5 block 41 transmitted on the forward networic channel 
(FC). it transmits to the requesting portable unit a block 
42 representative of the assigned frequency channel 
Identification. Now awakened. It Is not necessary for a 
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vehicular repeater unit constructed In accordance with 
the present invention to repeat the same wake-up se- 
quence for any sut>sequent portable units. Rather, the 
vehicular repeater unit is preferably configured to trans- 
mit block 42 at desired intervals over the portable for- 
ward channel PFC such that later portable dwelling long 
enough on the beacon frequency will receive the as- 
signed frequency kjenttfication. 
[0030] An illustrative scheme is presented in FIG. 1 0. 
A vehicular repeater unit already In extended coverage 
mode after having been awakened by a first portable 
unit (as portable unit 3 of FIG. 3), transmits communi- 
cation signals to the first portable unit at an operating 
frequency assigned in the earlier described manner. 
This portable forward channel is constituted by a series 
of time slots indicated generally at AO • AN.. At a select- 
ed time Interval t^, say every 2 seconds, a time slot Is 
reserved such that no signal is transmitted by the vehte- 
ular repeater unit on the assigned operating frequency. 
Instead, transmission at the operating frequency Is sus- 
pended during a transition period spanning time slot CF, 
whereupon the synchronization pattern discussed in 
connection with FIG. 9 is transmitted at the beacon fre- 
quency during slot SF. As noted above, portable units 
having no coverage are configured, in accordance with 
the present invention, to dwell on the beacon frequency 
for a certain period of time, which is at least equal to t^ 
Accordingly, any subsequent portable units requiring 
coverage will, after only a brief delay, receive a signal 
representative of the assigned operating frequency 
without attempting to duplicate the Vake-up" protocol. 
Any such subsequent portable units then switch to that 
assigned frequency. After a second transition period CF. 
the operation of the vehicular repeater unit reverts to 
transmission at the assigned portable fonward channel 
operating frequency. 

[0031] Although the present Invention has been de- 
scribed with reference to certain illustrative embodi- 
ments, other embodiments are possible and will be 
readily apparent to those skilled in the art. Therefore, 
the scope of the appended claims should not be limited 
to the embodiments contained in this description. 



Claims 

1 . A communication system comprising a base station 
(1 ), a mobile vehicular repeater unit (2) and a port- 
able unit (3), 

said base station (1) transmitting to said mo- 
bile vehicular repeater unit (2) over an upper fre- 
quency channel portion (4), and said mobile vehic- 
ular repeater unit (2) transmitting to said base sta- 
tion (1) over a lower frequency channel portion (5) 
and said mobile vehicular repeater unit (2) transmit- 
ting to said portable unit (3) over the lower frequen- 
cy channel portion (5) and said portable unit (3) 
transmitting to said mobile vehicular repeater unit 



(2) over the upper frequency channel portion (4), 

wherein in an extended coverage mode of op- 
eration, said mobile vehicular repeater unit (2) is re- 
sponsive to an iiccess request (38), transmitted by 
5 said portable unit (3), to transmit to said portable 
unit (3) a signal representative of an identification 
of said upper and lower or first and second frequen- 
cy channel portions (4, 5). 

10 2. A communication system as recited in claim 1, 
wherein said portable unit Is a first portable unit (3), 
the system further comprising a second portable 
unit (9), and wherein said mobile vehicular repeater 
unit (2) is operative, during said extended coverage 

IS mode of operation, to perk>dically transmit a fre- 
quency identification signal portion representative 
of an identification of said first and second frequen- 
cy channel portions (4.5), whereby said second 
portable unit (9) is operative to transmit to said mo- 

20 bile vehicular repeater unit (2) over the first frequen- 
cy channel portion upon receiving said frequency 
identification signal portion from said mobile vehic- 
ular repeater unit(2). 

25 3. The communication system as recited in dalm 1 or 
2, wherein said mobile vehicular repeater unit (2) is 
further configured to periodically transmit an avail- 
ability announcement signal on a beacon frequency 
prior to operating in said extended coverage mode 

30 of operation, a plurality of portable units (3,9) in a 
predetermined geographic region being configured 
to monitor said beacon frequency prior to transmit- 
ting an access request (38). 

35 4. The communication system as recited In dalm 3, 
wherein said availability announcement signal com- 
prises a sequence of synchronization blocks (30, 
32, 34), adjacent synchronization blocks being sep- 
arated by a non-transmlssk>n Interval (31. 33. 35) 

^0 of random duration. 

5. The communication system as recited in any pre- 
ceding claim, wherein said access request (38) is 
preceded by a non-transmission interval (36) of ran- 

^ ' dom duration. 

6. A method for communicating in a communication 
system, the communication system comprising at 
least one base station (1), a mobile vehicular re- 

50 peater unit (2) and at ieast one portable unit (3), the 
method comprising the steps of: 

attempting to establish communication be- 
tween a primary portable unit (3) and any one 
S5 Of the at least one base stations (1), and If the 

attempt to establish communication between 
the primary portable unit (3) and any one of the 
at least one base stations (1) fails. 
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initiating operation of the mobile vehicular re- 
peater unit (2) in an extended coverage mode 
of operation by transmitting an access request 
(38) to the mobile vehicular repeater unit (2), 
the mobile vehicular repeater unit (2) being re- 9 
sponsive to said access request (38) to transhiit 
a signal portion representative of an Identifica- 
tion of upper (4a, 4b) and lower (Sa, 5b) fre- 
quency channel portions; and 
. establishing communication between the port- io 
able unit (3) and the mobile vehicular repeater 
unit (2) and between the mobile vehicular re- 
peater unit (2) and any one of the base stations 
(1) by said portable unit (3) transmitting over 
the upper frequency channel portion (4b) and is 
receiving. over the tower frequency channel por* 
tlon (5b) and by said mobile vehicular repeater 
unit (2) transmitting to said any one of the base 
stations (1) over the tower frequency channel 
portion (5a) and receiving from the base station 20 
(1) over the upper frequency channel portion 
(4a). 
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